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Theoretical Work
A. Personnel
A Ph.D. candidate has been working full time, June 1, 1969 thru
September i, 1969, on the theoretical analysis. He will continue
this effort on a half time basis through the school year.
B. Progress
At the time of the last report a complicated iteration procedure had
been programed to solve numerically for the stress intensity factor.
During the debugging of the .program it was observed that the run time
was excessively long. For a problem of surface flaw geometry a rim
time of 45 minutes was estimated. To reduce the computer runtime
the basicc iteration logic was modified as follows:
I. Solutions used during the iteration:
1. Circular crack in an infinite solid.
2. Stress in a half space due to pressure and shear on a rectan-
gular portion of the boundary.
II.	 Iteration procedure:
1. A prescribed stress is applied to the crack surface.	 Solu-
tion l is used to compute stresses on surface 1. 	 (See Fig. 1)
2. Stresses on surface 1 are removed using solution 2 producing *'
a residual stress on the crack surface.
3.- The residual on the 'crack surface is removed using solution-1
again.
4. Steps 2 and 3 are repeated ' until the residuals become -negligible.
As the iterations proceed, the stresses on the crack and those on sur-
face 1 arc collected in a running sum. 	 Then, after convergence is
obtained with surface 1, the effect of surface1 stresses on surface 2
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are determined. Also the resulting stress on surface 2 due to the
cummulative pressure applied to the crack during the first iterations
is calculated. The total stresses on surface 2 are then removed and
the iteration with surface 2 proceeds as described above. The whole
procedure is then repeated until the residual stresses are negligible.
At this time the program is being checked out using the geometry
shown in figure 2. This particular geometry was chosen because the
computer run time is shorter than for a surface flaw. In addition
the coupling between the two surfaces is small. An approximation for
the stress intensity factor for this geometry can be obtained using
the results of Smith and Alavi (1). This approximation is obtained by
assuming that each free surface effects the crack as if the other free
surface were .not present. Therefore the solution for the penny shaped
crack near the surface-of a half space ' may be used to approximately
calculate the effect of each of the free surfaces. The cumulative
stress intensity at any point on the crack border is the product of
the stress intensity factor due to each surface. The approximation
obtained in this manner is shown in.figure-3.
Preliminary results run on the test case geometry are shown in
figure 3. These results were obtained using the iteration procedure
described earlier. The computer results are within 2% of the approxi-
mate result's.
Although the above results are fairly good it may still be possible
to improve them. At this time considerable effort is being spent
attempting to improve the procedure. Geometries other than the test
case will not be run until it is`felt.that the program will give the
best possible answers for a reasonable amount of computer time.
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Experimental Work
A. Personnel
The Masters degree candidate has terminated employment on the grant.
An attempt will be made to hire another man at a half time effort
level to continue the experimental program.
B. Progress
A moderate degree of success has been achieved in producing surface
flaw specimens with low values of a/t (see fig. 1). About sixty
surface flaw samples have been tested with a/t values from 0.3 down
to about 0.05. The lower •values of a/t were achieved by using
specimens with a thickness of about 0.33 inch rather than the 0.2 inch
thickness that was previously used. Values of a/2c tested ranged
from about 0.17 to about 0.47. Efforts will be made to produce samples
with lower values of a/2c.
In addition to the surface flaw testing, a large amount of testing
has been done with single and double edge notch specimens for the pur-
pose of comparison with the surface flaw data. This testing also had
Q
the purpose of showing the effect of plate thickness, if any, on
p
fracture toughness values. Knowledge of this effect was important
because thicker plates were used to achieve low a/t values in the
surface flaw specimens and it was necessary to insure that some thick-
ness effect was not influencing the results. At one point the author
-'	 had suspected that this effect might be- .a problem because thick plates
seemed to become much hotter during the curing process than the thin-
ner plates, thus indicating a possible effect on the material pro-
:	
perties.
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4Figure 4 is a plot of edge notch KIC values against plate thick-
ness for the "best" samples produced. "Rest" is defined as those sam-
ples with the straightest crack front and t:1e flattest fracture plane.
A few double edge notch data points are, plotted on this graph for
comparison. Figure 4 shows no significant effect due to thickness in
the range of thickness being used in the testing program. Also, a
favorable comparison between the single edge notch and the small
amount of double edge notch data is in evidence.
One major objective of the experimental portion of this work is
to determine the effect of a/t on the stress intensity factor for
surface flawed fracture specimens. One approach to achieving this
consists of assuming that for low values of a/t, the KIC values
predicted by surface flaw-specimens should coincide with the KIC
values predicted bystandard*edge notch specimens. This K IC then
provides a value upon which an experimental depth correction factor
may be based. Therefore, data has been taken for low a/t surface
flaws as well as for single and double edge notch specimens for pur-
poses of comparison. Figure 5 indicates the results of this testing.
Only the scatter bands are shown for the single and double edge notch
data. From the data shown on Figure 5, the comparison between these
specimen geometries is only fair with the average values of KIC as
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a similar comparison with aluminum SBN and SF specimens and a few
other specimen types.
Besides the not altogether satisfactory comparison between KID
values, the problem of data scatter is also noted. The scatter seems
to be on the order of about ±20%. The author believes that a con-
siderable amount of improvement in scatter may be obtained by determin-
ing those parameters which may be causing variation that are not pre-
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